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Description 

INTEGRATED CIRCUIT CHIP HAVING A 
RINGED WIRING LAYER INTERPOSED 
BETWEEN A CONTACT LAYER AND A 
WIRING GRID 

Background of Invention 
[0001] FIELD OF THE INVENTION 

[0002] jhe present invention relates generally to the field of mi- 
croelectronics. More particularly, the present invention is 
directed to an integrated circuit chip having a ringed 
wiring layer interposed between a contact layer and a 
wiring grid. 

[0003] BACKGROUND 

[0004] a large portion of the semiconductor industry is presently 
devoted to the design and manufacture of application 
specific integrated circuit chips, or ASIC chips, that are 
used in many diverse applications, such as devices con- 
taining embedded systems. Examples of such devices in- 



elude computers, cellular telephones, PDAs, thin clients, 
televisions, radios, domestic appliances, e.g., digital mi- 
crowave ovens, dishwashers, clothes dryers and the like, 
automobiles, digital manufacturing, testing and diagnostic 
equipment and virtually any digital device for consumer or 
industrial use. Frequently, ASIC chips designed for differ- 
ent applications contain many of the same basic logic, 
memory and I/O elements, or cells, as one another. How- 
ever, for different applications these cells may be present 
in different numbers, arranged differently and have differ- 
ent interconnectivity, among other differences. Examples 
of cells include RAM, I/O, adder, clock, latches and com- 
munication ports, among others. 
[0005] since many cell designs are often used repeatedly in cre- 
ating new ASIC chips, manufacturers have built libraries of 
these cells. When designing a new ASIC chip, the manu- 
facturer may then retrieve the necessary cells from the li- 
brary and combine them with one another, and perhaps 
with custom-designed cells, in the manner needed for a 
particular application. Important purposes for creating li- 
braries containing standard cells are to reduce the cost of 
designing and manufacturing ASIC chips, and to simplify 
the process of designing ASIC chips. 



[0006] | n a further effort to reduce costs and simplify the design 
process, manufacturers often complement their cell li- 
braries by standardizing other features of ASIC chips. For 
example, manufacturers often standardize the type and 
arrangement of electrical contacts, i.e., power, ground 
and I/O contacts, for interfacing a completed chip with 
packaging and standardize the power and ground buses 
that provide, respectively, power and ground to the mi- 
croelectronic devices, e.g., transistors, capacitors, diodes, 
among others, that make up the various cells. 

[0007] Referring to the drawings, FIGS. 1, 1A, 2, and 3 show a 
presently used standardized arrangement of electrical 
contacts and power and ground buses in connection with 
an exemplary ASIC chip 10. Referring to FIG. 1A, ASIC chip 
10 includes at its surface interposed arrays of I/O con- 
tacts 14, and power and ground contacts such as Vdd 
contacts 18, Vddx contacts 22, and ground contacts 26 
(e.g., GND, Vref). These contacts may be solder bumps, 
such as controlled collapse chip connections (C4s) for 
flip-chip connectivity with a package (not shown). Electri- 
cal connectivity of power and ground contacts with a 
package may be alternatively effected using another tech- 
nique, such as wire bonding. Such arrays of contacts 14, 



18, 22, 26 generally allow ASIC designers to place the 
necessary cells 28, e.g., RAM cell, I/O cells, logic, and 
communication port cells, among others, wherever de- 
sired on chip 10 such that the cells are always relatively 
proximate the appropriate contact(s). In the arrangement 
shown in FIG. 1A, contacts 14, 18, 22, 26 are arranged in 
generally radial pattern, or pseudo-radial pattern, wherein 
the contacts in each of the four quadrants of chip 10 have 
mirror-symmetry along corresponding diagonals D-D, 
with lines of like contacts radiating outward from the di- 
agonals toward the edge of the chip. 
[0008] FIG. 2 shows an electrical structure 30 connecting Vdd 
contacts 18 with a semiconductor device layer 34 that 
contains the various semiconductor devices (not shown), 
e.g., transistors, capacitors, diodes, among others, that 
make up the various cells 28 (FIG. 1A) and other electrical 
components of chip 10. Electrical bus 30 comprises metal 
layers LM through (LM-n), interleaved with insulating lay- 
ers I through (In). Those skilled in the art will understand 
that the number of metal layers and insulating layers will 
vary with the particular design and technology used to 
fabricate the chip. Metal layers LM through (LM-n) are il- 
lustrated only for Vdd contacts for clarity. Additional 



power supplies, such as ground and Vddx, would be con- 
nected to similar structures. 
[0009] FIG. 3 shows conventional metal layers LM and (LM-1) as 
forming, in plan view, a rectangular bus grid 38 compris- 
ing orthogonal conductive strips or wires, 42 and 46, with 
the wires in each layer all extending in the same direction. 
That is, all of wires 42 in metal layer LM extend parallel to 
the X axis and all of wires 46 in metal layer (LM-1) extend 
parallel to the Y axis. In addition, wires 42 typically have 
the same widths and spacing as one another and wires 46 
typically have the same widths and spacing as one an- 
other. For the power grid of chip 10, wires in each of lay- 
ers LM and (LM-1) include Vdd wires 50, Vddx wires 54, 
and ground wires 58 interleaved with one another. As il- 
lustrated by FIGS. 2 and 3, at each location where like 
wires cross one another, e.g., one of Vdd wires 42 in 
metal layer LM crosses over one of Vdd wires 46 in metal 
layer (LM-1), the wires are electrically connected to one 
another with a corresponding via 60 extending through 
insulating layer (II). Similarly, where a wire in metal layer 
LM passes beneath, or nearly so, a like contact, e.g., one 
of Vdd wires 42 in metal layer LM passes directly beneath 
one of Vdd contacts 18, a via 64, and perhaps also a hori- 



zontal strap (not shown), is provided to electrically con- 
nect that contact with that wire. As those skilled in the art 
will appreciate, metal layers beneath (LM-1) are similar to 
metal layers LM and (LM-1), but may contain progressively 
finer wires 68. Wires 72 of metal layer (LM-n) are closely 
spaced from one another so that each device in device 
layer 34 may be electrically connected thereto. 
[0010] Area arrays of power and ground contacts 18, 22, 26 and 
uniform or nearly uniform power and ground grids in 
metal layers LM through (LM-n) permit designers to lay 
out the power and ground buses prior to arranging cells 
28 (FIG. 1A) in device layer 34. Thus, the power and 
ground buses may be standardized, in large part eliminat- 
ing the need to custom design these buses for each new 
ASIC design. However, problems can arise when electri- 
cally connecting power and ground contacts 18, 22, 26 to 
the corresponding wires 50, 54, 58 in metal layer LM, 
largely due to the fact that these wires run in only one di- 
rection, whereas the power and ground contacts are dis- 
tributed in two dimensional pseudo-radial patterns. These 
problems include bussing discontinuities that lead to 
some regions of chip 10 having reduced ability to supply 
power to device layer 34 due to electromigration concerns 



and/or resistive voltage collapse (IR drops). In addition, 
neither metal layer LM nor metal layer LM-1 connect to a 
pseudo-radial pattern of contacts in a contact layer above 
with a regular grid of parallel wires below. 
Summary of Invention 

[0011] | n one aspect, the present invention is directed to an inte- 
grated circuit having a plurality of circuits that include at 
least one I/O circuit and at least one logic circuit. The in- 
tegrated circuit comprises a contact layer having a plural- 
ity of contacts for electrically connecting the integrated 
circuit to packaging. The integrated circuit further com- 
prises a power grid comprising a plurality of metal layers 
for providing power to the at least one I/O circuit and the 
at least one logic circuit. A semiconductor device layer is 
in electrical communication with the power grid. A wiring 
layer is interposed between the contact layer and the 
power grid and electrically connects the plurality of con- 
tacts with the power grid. The wiring layer includes a plu- 
rality of wires each having a length extending partly along 
a first direction and partly along a second direction differ- 
ent from the first direction. 

[0012] ^ another aspect, the present invention is directed to a 
device comprising a power supply and an integrated cir- 



cuit having at least one I/O circuit and at least one logic 
circuit. The integrated circuit comprises a contact layer 
having a plurality of contacts in electrical communication 
with the power supply. The integrated circuit further com- 
prises a power grid comprising a plurality of metal layers 
for providing power to the at least one I/O circuit and the 
at least one logic circuit. A semiconductor device layer is 
in electrical communication with the power grid. A wiring 
layer is interposed between the contact layer and the 
power grid and electrically connects at least some of the 
contacts with the power grid. The wiring layer includes a 
plurality of wires each having a length extending partly 
along a first direction and partly along a second direction 
different from the first direction. 
Brief Description of Drawings 

[0013] For the purpose of illustrating the invention, the drawings 
show a form of the invention that is presently preferred. 
However, it should be understood that the present inven- 
tion is not limited to the precise arrangements and instru- 
mentalities shown in the drawings, wherein: 

[0014] FIG. 1 is a schematic view of an ASIC chip and FIG. 1A is 

an enlarged schematic view of a portion of the chip of FIG. 
1 showing exemplary arrangements of Vdd, Vddx, ground 



and I/O contacts, and exemplary functional cells, such as 

logic, memory and I/O cells; 
[0015] FIG. 2 is a partial cross-sectional elevational view of an 

ASIC chip showing metal and insulating layers forming a 

prior art electrical structure; 
[0016] FIG. 3 is a partial schematic plan view of the wires in metal 

layers LM and (LM-1) of the prior art electrical structure of 

FIG. 2; 

[0017] FIG. 4 is a high-level schematic view of a device incorpo- 
rating an IC chip of the present invention; 

[0018] FIG. 5 is a partial schematic plan view of an IC chip of the 
present invention showing the contact layer and interpos- 
ing metal layer; and 

[0019] FIGS. 6A, 6B and 6C are each a cross-sectional view of the 
IC chip of FIG. 5 as taken along lines 6A-6A, 6B-6B and 
6C-6C, respectively. 
Detailed Description 

[0020] Referring again to the drawings, FIG. 4 shows in accor- 
dance with the present invention an electronic device, 
which is generally denoted by the numeral 100. Electronic 
device 100 may be any type of digital device, such as an 
embedded system device. Examples of such a device in- 
clude a computer, a cellular telephone, PDA, thin client, 



television, radio, domestic appliance, automobile compo- 
nent and digital or analog manufacturing, testing and di- 
agnostic equipment, among others. Accordingly, device 
100 includes one or more integrated circuit (IC) chips, 
such as application specific integrated circuit (ASIC) chip 
104, and may also include an onboard power supply 108 
for providing power to the IC chip. One skilled in the art 
will appreciate that in order to understand the present in- 
vention it is not necessary to describe the general function 
of chip 104, nor the details of how the chip interfaces with 
power supply 108 and other components (not shown) of 
device 100. In addition, those skilled in the art are familiar 
with the various functions IC chip 104 may be designed to 
provide and how to interface the IC chip with power sup- 
ply 108 and other components. 
[0021] Referring to FIGS. 5 and 6, and also to FIGS. 1A, 2 and 4, 
chip 104 may include a plurality of electrical contacts 112 
for interfacing the chip with chip packaging shown) that 
allows the chip to be electrically connected to power sup- 
ply 108 and other components of digital device 100, e.g., 
using C4 (flip chip) or other connection technology. Elec- 
trical contacts 112 may include Vdd contacts 116 for pro- 
viding power to the semiconductor devices of cells 28 



(FIG. 1A) in semiconductor device layer 34 (FIG. 2), Vddx 
contacts 120 for providing additional voltages to chip 104 
to power e.g., external communications, ground contacts 
124 for providing the chip with a ground or Vref and I/O 
contacts 128 for inputting and outputting signals to and 
from the cells and other components aboard the chip. As 
shown in FIG. 5, the arrangement of Vdd contacts 116, 
Vddx contacts 120, ground contacts 124 and I/O contacts 
128 of chip 104 may be the same as the arrangement of 
corresponding contacts 18, 22, 26, 14 of ASIC chip 10 of 
FIGS. 1 and 1A. Of course, the arrangement of contacts 
116, 120, 124, 128 may be different from the arrange- 
ment of contacts 18, 22, 26, 14 and may be any arrange- 
ment suited for a particular design or standard design 
philosophy for IC chip 104. 
[0022] However, unlike chip 10, wherein each of the two upper- 
most wiring layers LM and (LM-1) contain wires, e.g., 
wires 42, 46 (FIG. 3), having lengths extending in either 
the X direction or the Y direction, chip 104 includes an 
uppermost wiring layer IM ("IM" standing for "interposing 
metal" layer) that contains wires 132 having lengths ex- 
tending in more than one direction. For example, FIG. 5 
shows the lengths of wires 132 extending in both of the X 



and Y directions so as to generally form concentric rings. 
Wiring layer IM may be referred to as an "interposing 
metal layer" because of its interposing location between 
contact layer 136 and wiring grid 140 (FIGS. 6A, 6B and 
6C), which may comprise a plurality of metal layers (e.g., 
LM 1 ) containing alternating unidirectional wires similar to 
wires 50, 54, 58 shown in FIG. 3. Note that there is not 
necessarily a correspondence of wiring layer IM to the 
metal layers LM and (LM-1) of conventional chip 10 (FIG. 
2), i.e., wiring layer IM does not necessarily replace metal 
layer LM and (LM-1), although this can be the case. 
[0023] wiring layer IM may include wiring for electrically con- 
necting Vdd, Vddx and ground contacts 116, 120, 124 
with wiring grid 140. Accordingly, wiring layer IM may in- 
clude Vdd wires 144, Vddx wires 148 and ground wires 
152, intermingled with one another in one or more pat- 
terns and having one or more configurations suitable for 
connecting to like contacts 116, 120, 124. For example, 
wires 144, 148, 152 may be configured generally as rings 
and may be arranged concentrically with one another. As 
used herein and in the claims appended hereto, the terms 
"ring" and "ringed" and similar terms refer to not only an 
annular shape, but also to generally planar shapes that 



are continuous or substantially continuous so as to define 
a continuous or substantially continuous perimeter 
around a central region lying in the plane of the ring. 
Thus, wires of interposing wiring layer IM defining rectan- 
gular perimeters are considered "rings" for the purposes 
of the present invention. Of course, other shaped perime- 
ters (e.g., wires 144, 148, 152) are possible and, depend- 
ing upon the particular pattern(s) of contacts, may be pre- 
ferred. Other shapes include multi-sided shapes other 
than the rectangles noted above, e.g., polygonal, or 
curved shapes, such as circles and ovals, among others. 
The shapes of the rings selected are generally based upon 
the patterns of contacts. The square rings shown are par- 
ticularly suited for the diagonally- and quadrant-sym- 
metric arrangement of contacts shown in FIGS. 1A and 5. 
For a truly radial arrangement of Vdd, Vddx, and ground 
contacts 144, 148, 152, and the same square footprint of 
contact layer 136 shown, a suitable shape for the rings 
may be octagonal. Similarly, for a pseudo-radial footprint 
of contacts 144, 148, 152 as in FIG. 1A and orthogonal 
wires as in FIG. 3, octagonal rings may also be suitable. 
[0024] FIGS. 6A-6C illustrate one manner in which power and 
ground contacts 116, 120, 124 may be electrically con- 



nected to corresponding wires 144, 148, 152 of wiring 
layer IM. It can be seen that in the present arrangement of 
contacts 116, 120, 124, 128, ground contacts 124 are lo- 
cated such that ground wires 152 can be run directly un- 
derneath the ground contacts, if desired. Accordingly, to 
connect each ground contact 124 to a corresponding 
ground wire 152, a via 156 may be provided in insulating 
layer I' in any manner known in the art. However, with the 
alternating arrangement of Vdd and Vddx contacts 116, 
120 along the lengths of Vdd and Vddx wires 144, 148, 
both of these wires cannot be run directly underneath the 
corresponding contacts while maintaining the linearity of 
the wires in each of the X and Y directions. One solution 
that maintains the linearity of Vdd and Vddx wires 144, 
148 is to run them adjacent to one another generally 
alongside (but in a layer below 116, 124, 128) lines de- 
fined by the centers of the Vdd and Vddx contacts 116, 
120. The space between Vdd and Vddx wires 144, 148 
may be made great enough to allow a via 158, 160 to be 
located beneath, respectively, each contact 116, 120 con- 
centrically therewith. 
[0025] with this configuration, each contact 116, 120 will have 
an offset 162 (FIG. 6A) from the corresponding wire 144, 



148. To make up for this offset 162, a strap 164 may be 
provided to extend the corresponding wire 144, 148 lat- 
erally to the side of the corresponding via 158, 160 distal 
from that wire in order to provide a robust electrical path 
between each contact 116, 120 and the corresponding 
wire. Those skilled in the art will understand that this ex- 
ample is merely illustrative and that contacts 116, 120, 
124 may be electrically connected to wires 144, 148, 152 
in any suitable manner. Wires 144, 148, 152 in wiring 
layer IM may be electrically connected to corresponding 
wires 168 in metal layer LM' in any suitable manner, such 
as by providing vias 172 at locations where like wires in 
the two layers cross one another. For clarity, wiring and 
vias are not shown for I/O 128 contacts. Wiring and vias 
for I/O contacts 128 may be provided in any manner 
known in the art. 
[0026] it is noted that the cross-sectional area of each Vdd, Vddx 
and ground wire 144, 148, 152 and corresponding vias 
156, 158, 160 and straps 164, if needed, may be deter- 
mined according to conventional wire-sizing practices 
known to those skilled in the art. It is also noted that de- 
pending upon the particular design of chip 104 certain 
ones of wires 144, 148, 152 need not be continuous. For 



example, in the example shown in FIG. 5, Vddx wires 148 
are not continuous between adjacent quadrants of chip 
104. In this example, this is done so that the Vddx voltage 
(for external communication) in each quadrant of chip 104 
may be different from the Vddx voltage in the other quad- 
rants, if desired. Again, this is dependent upon the design 
of chip 104 and the application for which the chip is de- 
signed. Wires, 144, 148, 152, contacts 112, vias 156, 
158, 160, 172 and straps 164 may be made of any suit- 
able conducting material, such as copper or aluminum. 
[0027] while the present invention has been described in con- 
nection with a preferred embodiment, it will be under- 
stood that it is not so limited. On the contrary, it is in- 
tended to cover all alternatives, modifications and equiva- 
lents as may be included within the spirit and scope of the 
invention as defined above and in the claims appended 
hereto. 



